Background Although symptomatic patients with severe aortic stenosis have a high disease burden and guidelines recommend aortic valve replacement, many are treated conservatively. This study describes to what extent quality of life is changed by aortic valve replacement relative to conservative treatment. Methods This observational study followed 132 symptomatic patients with severe aortic stenosis who were subjected to an SF-36v2TM Health Survey. Results At baseline 84 patients were treated conservatively, 48 were referred for aortic valve replacement. In the conservatively treated group 15 patients died during a mean follow-up of 18 months (Kaplan-Meier survival was 85 % and 72 % at one and 2 years respectively) and 22 patients crossed over to the surgical group. Of the resulting 70 patients in the surgical group 3 patients died during a mean follow-up of 11 months (survival 95 % at 1 year). Physical functioning, vitality and general health improved significantly 1 year after aortic valve replacement. In conservatively treated patients physical quality of life deteriorated over time while general health, vitality and social functioning showed a declining trend. Mental health remained stable in both groups. Conclusions Aortic valve replacement improves physical quality of life, general health and vitality in patients with symptomatic severe aortic stenosis. Besides having a low life expectancy, conservatively treated patients experience deterioration of physical quality of life. Health surveys such as the SF-36v2TM can be valuable tools in monitoring the burden of disease for an individual patient and offer additional help in treatment decisions.
Introduction
Prognosis of symptomatic patients with severe aortic stenosis (AS) is poor when treated conservatively, and according to the American College of Cardiology/American Heart Association and the European Society of Cardiology guidelines patients should be referred for aortic valve replacement (AVR) without delay when they become symptomatic [1] [2] [3] . However, in daily practice many symptomatic patients do not receive operative treatment [4] [5] [6] . Underestimation of disease burden and the effect of AVR on quality of life (QoL) could in part be responsible for the observed undertreatment, yet there is hardly any literature on this subject [7] .
Previously we compared the QoL of patients with severe AS to the general age-matched population and found it is much lower in symptomatic patients: even 'mild' symptoms result in both physical and emotional problems which have a major impact on normal daily life and social functioning [8] .
The objective of our current study is to investigate if-and to what extent-AVR improves this disease burden, and to compare these outcomes with the QoL of conservatively treated patients during follow-up. This is a novel approach compared with other studies, which only describe subgroups of patients selected for surgery [9] [10] [11] .
Methods

Patients
This study is part of a recently published multicentre prospective cohort study among patients with severe AS in the Rotterdam area (the Netherlands) between July 2006 and April 2009 [12] . Patients with severe aortic stenosis were recruited from the outpatient clinics of seven local hospitals and were invited to our hospital for several clinical investigations, an echocardiogram and a QoL assessment. Based on patient characteristics and medical history-and for descriptive purposes only-an anticipated operative mortality was calculated using the EuroSCORE model (www.euroscore.org).
After the baseline measurements, patients were followed to register treatment selection, major adverse cardiac events, QoL and survival. Since the design of this study was strictly observational, the investigators did not interfere with treatment selection. Follow-up of the entire patient cohort continued until 1 May 2011.
The current study concerns only the QoL of the symptomatic patients. For observational and analysis purposes we registered symptomatic patients into two groups: an AVR group and a conservatively/medically treated group. Medically treated patients were re-invited to our hospital after six, 12 and 24 months. Patients who were referred for AVR (by their treating cardiologist) were re-invited only once, 1 year after AVR. Patients who were initially treated conservatively but referred for AVR later on, were accounted for in the conservative group and crossed over to the AVR group at the time of operation (and were therefore accounted for in both groups). In the patients who crossed to the AVR group, the measurements of earlier 'conservative' visits were carried forward as 'pre-AVR measurements'. By doing so all AVR patients had recent pre-operative QoL data, instead of data collected at the start of the study.
AVR patients generally underwent conventional AVR through a median sternotomy using extracorporal circulation, cold crystalloid cardioplegia and mild hypothermia. A minority of AVR patients had a percutaneous valve implantation, using the retrograde transfemoral approach and a Core Valve® device. Transapical valve implantations were performed through a small intercostal incision. All procedures were performed electively.
The study protocol was approved by the institutional ethics committee (MEC 2006-066) and all patients provided written informed consent.
Quality-of-life measurement
The SF-36v2™ Health Survey is a validated and widely used questionnaire originating from the Medical Outcomes Study [13] . The survey consists of 36 multiple-choice health-related questions, grouped into eight multi-item domains measuring quality in different aspects of daily life: 'Physical Functioning', physical health related to age-and role-specific activities termed 'Role Physical', 'Bodily Pain', 'General Health', 'Vitality', 'Social Functioning', personal feelings of performance in age-and role-specific activities termed 'Role Emotional', and 'Mental Health'. The eight domains form two main components: the 'Physical' and 'Mental Component Summary'.
Comparing QoL results of long-term survivors with the results of all patients alive at baseline constitutes a bias since a selection of the healthier patients takes place over time. Therefore patients who died or refused to participate in a certain time interval-either in the AVR or in the conservative group-were withdrawn.
Statistics
For the statistical analyses SPSS 17.0 software was used (SPSS Inc.). Continuous variables with a normal distribution are displayed as means ± standard deviation (SD). If data were not normally distributed the median and interquartile ranges are given. Categorical variables are displayed as percentages.
Previously, Dutch norms were established by Aaronson et al. using the first version of the SF-36 Health Survey [14] . To allow for useful comparison these raw SF-36 scores have been transformed into norm-based scores from 0 to 100 in which 50 represents the mean score of the general population and 10 points on the scale correspond to 1 SD [15, 16] . A detailed explanation regarding data collection, scoring, interpretation and validation of the SF-36v2™ is given by Ware et al [15] .
Paired t-test analyses were used to compare QoL outcomes between different points in time within each group. P values lower than 0.05 were considered statistically significant.
Survival was explored using Kaplan-Meier analysis in patients who had AVR during follow-up and separately in conservatively treated patients. Because the distinction between the two groups is based on selection, we deliberately chose not to compare baseline characteristics or survival between the two groups and therefore no p-values or log-rank tests are given.
Results
Of 191 participating patients with severe AS, 132 were symptomatic and formed the current study group (the flowchart is given in Fig. 1 , baseline characteristics in Table 1 ).
The baseline QoL in the AVR group was slightly worse over all health domains compared with the baseline of the conservative group (Fig. 2) . Figure 2 also shows that QoL in both groups was much worse over almost all health domains compared with the general age-matched Dutch population.
Conservative group
Initially 84 symptomatic patients were treated medically. In this group 15 patients died during a mean follow-up of 18 months. A total of 22 patients were referred for AVR after initial conservative treatment; therefore, these patients crossed over to the AVR group (Fig. 1) . Sixty-seven patients completed the SF-36v2 TM Health Survey after 6 months and 30 after 2 years of conservative treatment. Kaplan-Meier survival in the conservative group was 85 % at 1 year and 72 % at 2 years.
In medically treated patients physical health worsened significantly (Fig. 3b) . 'Bodily Pain', 'General Health', 'Vitality' and 'Social Function' only showed a tendency to worsen yet not significant and 'Mental Health' remained stable.
AVR patients
Initially 48 patients were referred for AVR within 6 months and during follow-up another 22 patients ( Fig. 1) . Thirty-day mortality was zero but three patients died within 1 year after AVR. The mean follow-up in the AVR group was 11 months. Kaplan-Meier survival was 95 % at 1 year.
Not only the physical QoL components improved, but also 'Vitality' and 'General Health' were significantly better than pre-operatively and approached the scores of the general Dutch population (Fig. 4) . 
Discussion
Quality of life in symptomatic patients with severe AS is lower in almost all health domains than in the age-matched general Dutch population, both in patients selected for surgery as well as in conservatively treated patients. In a previous paper we also showed a clear association between New York Heart Association (NYHA) class and the SF-36v2 TM outcomes [8] .
Conservative group
The conservatively treated patients who survived 2 years showed a slight deterioration of their physical health status after 2 years. Yet the degree of deterioration seems to be less than what might be expected based on the low life expectancy of symptomatic AS patients reported in literature [17, 18] . However, besides a higher mortality also the number of patients who were not capable to complete the subsequent questionnaires is larger in the conservative group compared with the AVR group. The baseline QoL of these withdrawn patients was lower than that of the rest of the group (data not shown). Therefore the observed QoL in our study overestimates the real QoL over time in the total conservative group.
AVR group
Although patients in the conservative group are older, the QoL of the AVR patients seems slightly lower at baseline (Fig. 2) . This is a reflection of clinical practice in which patients with severe symptoms are more likely to be referred for surgery than the ones who have only mild symptoms.
The patients who had AVR and were alive at 1 year follow-up showed a markedly improved QoL after 1 year compared with pre-operatively, except in 'Mental Health'. The improvement is quite large in the physical domains and, although not significant, a positive trend is clearly visible in the 'Bodily Pain' and 'Role Emotional' scales.
We assumed a period of 1 year after AVR would be enough to eliminate most direct postoperative problems and assumed a relatively stable health after that period. It is interesting to see that 'Mental Health' does not improve after AVR, and remains much lower than in the age-matched general population. Whether concentration, memory, emotional or other cognitive problems form the basis of this observation and whether this could be explained by the operation or postoperative recovery remains speculative.
Implications
Whether the improved QoL in operated patients can be extrapolated to the total symptomatic population with severe AS still remains a matter of debate. The gain of surgery in the operated group might be higher than it would be in patients who are currently treated conservatively. In reality, some (elderly) patients are not surgical candidates or simply refuse to be operated upon. From these data it cannot be determined how the outcomes, both in terms of survival and QoL, would have been if all patients had undergone AVR. Therefore projection of the study results to the entire symptomatic patient population is only speculative.
One could argue that current treatment selection seems good: in selected patients, QoL generally improves after AVR. Compared with other reports the observed mortality in the conservative group is less high and the presented QoL outcomes in the surviving patients show only a slow and borderline significant worsening over time [17, 18] . On the other hand these findings could be a reflection of a somewhat conservative approach among the studied population.
Timing of surgery in patients with AS is an important and continuing issue of debate. An underestimation of the impact of symptoms on a patient's QoL might be one of the reasons why many symptomatic patients with severe AS are not referred for surgery. Based on our previous study and the current paper, we argue in favour of using QoL surveys in the pre-operative assessment when the choice between surgery or conservative treatment has to be made [8] .
Literature
Although other studies describe QoL in cardiac surgery patients [9] [10] [11] [19] [20] [21] [22] [23] [24] , QoL studies by objective surveys such as the SF-36v2
TM have, to our knowledge, not been performed in patients who have (symptomatic) AS and in whom the decision to operate or not is yet to be made. Most studies we found did not study QoL in patients with AS, but QoL in patients with AS who were referred (selected) for surgery. Some of them describe QoL only in long-term survivors after intervention and do not have a baseline (pre-operative) value. Such analyses constitute a selection bias in which only the healthier patients are subjected to a survey: 'survival of the fittest' [7, 19, 20, 22, 24] .
Some studies only concern selective subgroups, others use NYHA classifications as a raw reflection of QoL rather than objective health surveys [19, 23, 24] . The SF-36v2 TM Health Survey describes multiple physical and emotional aspects and is therefore a better and more objective reflection of one's (desired) health status than the NYHA classification.
Limitations
For adequate functional and echocardiographic assessment we believed it to be necessary to invite the patients to our hospital each time a QoL assessment was done, resulting in substantial number of patients refusing participation because of a perceived high burden. Often these were the elderly, more sick patients for whom an extra study trip to the hospital was unfeasible. Therefore, it is likely that we underestimated the magnitude of QoL impairment in the total patient population with symptomatic severe aortic stenosis.
An obvious limitation is the fact that some of the patients -and most likely those with low quality of life-died or refused further cooperation over time which precluded further observations.
Conclusions
AVR offers improved QoL in selected symptomatic patients with severe AS. The beneficial effect is most evident in the physical components, but also general health perception, vitality and emotional aspects improve after AVR to the level of the general age-matched population in contrast to conservatively treated patients.
Besides considering life expectancy and anticipated risks with either conservative or operative treatment, QoL should be taken into account when making treatment decisions in patients with severe AS. A health survey such as the SF36v2 TM could be a valuable tool in monitoring the burden of disease for an individual patient and offer additional help in this decision.
CVOI E-learning formula!
This is the CVOI e-learning article. The author has prepared 10 questions which are available through the website of the Cardiovascular Educational Institute (CVOI). Please follow the instructions below.
After finishing the questions you will be asked to fill in your name, hospital and e-mail address; then press the button 'verzenden'. When 6 out of the 10 questions are answered correctly, you acquire 1 accreditation point granted by the Quality Committee of the Netherlands Society of Cardiology (NVVC). The acquired point will be credited to your personal file in the GAIA system. You will also receive an e-mail with all the correct answers.
Over a period of one year 10 e-learning articles will appear in 10 subsequent NHJ editions. In each edition the e-learning article will be recognisable by a special icon. On an annual basis you can collect 10 accreditation points. The accreditation points are credited in the GAIA system by the CVOI.
If you need additional information, please contact the CVOI by e-mail: cvoi@cvoi.org or by phone: 030-2345001. 
